Bleach, nitrite, chromate, and hydrogen peroxide-peroxidase are effective urine adulterants used by the illicit drug users to conceal marijuana-positive results. Methods for detecting nitrite and chromate are available. Effects of other oxidizing agents that could possibly be used as adulterants and are difficult to detect or measure are presented in this report. Urine samples containing 40 ng/mL of 11-nor-A%THC-9-carboxylic acid (THC-acid) were treated with 10 mmol/L of commonly available oxidizing agents. Effects of horseradish peroxidase of activity 10 unit/mL and extracts from 2.5 g of red radish (Raphanus sativus, Radicula group), horseradish (Armoracia rusticana), Japanese radish (Raphanus sativus, Daikon group), and black mustard seeds (Brassica nigra), all with 10 mmol/L of hydrogen peroxide, were also examined. After 5 min, 16 h and 48 h of exposure at room temperature (23~ the specimens were tested by a gas chromatographic-mass spectrometric method for THC-acid. A control group treated with sodium hydrosulfite to reduce the oxidants, was also tested to investigate the effect of oxidizing agents on THC-acid in the extraction method. THC-acid was lost completely in the extraction method when treated with chromate, nitrite, oxone | and hydrogen peroxide/ferrous ammonium sulfate (Fenton's reagent). Some losses were also observed with persulfate and periodate (up to 25%). These oxidants, and other oxidizing agents like permanganate, periodate, peroxidase, and extracts from red radish, horseradish, Japanese radish and black mustard seeds destroyed most of the THC-acid (> 94%) within 48 h of exposure. Chlorate, perchlorate, iodate, and oxychloride under these conditions showed little or no effect. Complete loss was observed when THC-acid was exposed to 50 mmol/L of oxychloride for 48 h. Several oxidizing adulterants that are difficult to test by the present urine adulterant testing methods showed considerable effects on the destruction of THC-acid. The time and temperature for these effects were similar to those used by most laboratories to collect and test specimens. In several cases, the loss of THC-acid was > 94%.
Introduction
Many adulterants are added to the urine to conceal drug-positive results. Specifically, oxidizing agents are effective in destroying 11-nor-Ag-tetrahydrocannabinol-9-carboxylic acid (THC-acid) in urine. The loss depends on pH, storage time, and temperature of the urine. Moreover, oxidizing agents interfere with the detection procedures of the drugs. In case of THC, bleach causes false-positive result in radioimmunoassay and false-negative result in fluorescence polarization immunoassay and enzyme immunoassays (1) (2) (3) (4) (5) . These erroneous results are due to direct effect of bleach on the immunoassay reagents. Effects of nitrite ("Klear"), chromate ("Urine Luck"), and a mixture of hydrogen peroxide and peroxidase ("Stealth") on immunoassay screening of THC were also reported (6) (7) (8) . These adulterants significantly destroy THC-acid and cause negative results in the immunoassay-screening test.
In the gas chromatographic-mass spectrometric (GC-MS) confirmation method, oxidizing agents interfere with the detection of THC-acid. The major problem was the loss of THCacid and the internal standard in the extraction process (8) (9) (10) . To alleviate the problem, use of reducing agents, sodium hydrosulfite or sulfamic acid, prior to the extraction was recommended for nitrite adulterant (10) . These methods only allowed detection of the remaining THC-acid in the urine and were not intended to recover the lost compound. Generally, most oxidizing agents are effective under acidic conditions. To save the drug from the oxidizing agents, addition of carbonate as buffering agent prior to or following urine void was also suggested (11) .
When substances interfere with the detection procedures of the drugs, tests for the adulterants are recommended (12, 13) . Methods for detecting nitrite by diazotizing sulfanilamide and coupling the product with N-(1-naphthyl)ethylenediamine, and chromate by 1,5-diphenylcarbazide are already in place in many drug-testing laboratories (14) . Under these circumstances, drug users may choose some oxidizing agents that are difficult to detect by the present protocols. The current study is designed to investigate the effect of commonly available oxidizing agents on detection of THC-acid in urine.
Materials and Methods

Chemicals, reagents, and supplies
All oxidizing agents were bought from Sigma-Aldrich Chemicals (Milwaukee, WI). Solid-phase extraction (SPE) columns containing silica-based C8 and aminopropyl (200 rag) were bought from United Technologies (Bristol, PA). All solvents and reagents were of analytical or HPLC grade. Urine showed no trace of THC-acid by the GC-MS method that was used in this study. Sodium azide preservative in urine was avoided because it interfered with the study. 
Preparation of radish and black mustard seed extracts
The red radish and horseradish were peeled, and the skin was cut in small pieces. The skin and the skin-free portions were blended separately with 0.1M phosphate buffer of pH 6.0. Japanese radish (whole) and black mustard seeds were also blended with phosphate buffer in the same way. The mixture was centrifuged at 4900 x g for 15 min. A portion of the clear solution that derived from 2.5 g of the starting material was used with 10 mmol/L of hydrogen peroxide for the oxidation reaction.
Oxidation
THC-acid (100 pL, 2.0 ug/mL) in acetonitrile was evaporated to dryness and then reconstituted in 5 mL of urine of pH 5.5. The final concentration of THC-acid was 40 ng/mL. Oxidizing agents were added to the urine to the final concentrations described in the Tables I and II. The solutions were left at room temperature and tested after 5 rain, 16 h, and 48 h. Standard and controls without the oxidants were treated in the same way.
Extraction
Two sets of tubes containing THC-acid and oxidants were used. Before extraction, sodium hydrosulfite was added in one set of tubes to reduce the oxidants. The final concentration of the hydrosulfite was 200 mmol/L. Standards and controls, each at THC-acid concentration of 40 ng/mL, were used with the batch analysis. After base hydrolysis at pH 12-13 with 0.1 mL of 10M sodium hydroxide at 60~ for 20 min, the solutions were acidified to 4.0 +__ 0.5 with 0.5 mL of glacial acetic acid (17.4M). The solutions were then allowed to pass through SPE columns pre-washed with methanol (3 mL), water (3 mL), and 0.1M HC1 (1 mL). The columns were washed with water (3 mL) and a mixture of 0.1M HCI and acetonitrile (7:3, v/v) and finally dried under reduced pressure for 3 rain. The trace of water in the column was removed by adding hexane (0.2 mL) and drying the column again for 3 rain. The drug was then eluted with a mixture of hexane and ethyl acetate (3 mL, 1:1, v/v). To avoid oxidation, the internal standard was added to the eluates after the solid-phase extraction. The solutions were evaporated to dryness. The drug was derivatized and analyzed by a published GC-MS method (15) .
Results and Discussion
The effects of oxidizing agents on THC-acid in urine primarily depend on the reduction potential (E~ pH, temperature, time of reaction, and urine constituents. There are several oxidizing agents that may effect the drug in numerous ways but the agents that are commonly available in a laboratory or at the market place were investigated in this study. The time and temperature in this study were similar to those that specimens are generally exposed to after collection. A physiological pH of 5.5 was chosen because most oxidation reactions require acidic condition. The effects of the oxidants at concentration 10 mmol/L were examined in this study. This concentration is near the cut-off concentration of nitrite at 10.9 IJmol/L (500 t~g/mL), mandated by the department of Health and Human Services (12,13).
THC-acid in urine (40 ng/mL) was treated with oxidizing agents at room temperature (23~ for 5 rain, 16 h, and 48 h. The recoveries of THC-acid after treating with the oxidizing agents are likely to be influenced by the method of extraction. To assess the effect, two sets of samples with the oxidizing agents were used. One set was treated with sodium hydrosulfite before the extraction and tested with the set without the hydrosulfite. To avoid interaction with the oxidizing agents, the internal standard was added to the eluents after the solidphase extraction. Standards and controls were also treated in the same way. Each oxidation reaction was done once only. Precessions within a batch (N = 4) and between batches (N = 8) under this condition were within ---10%.
The recoveries of THC-acid after exposure to oxidizing agents are recorded in Table I . Immediate effects after 5 min of interaction with chromate and nitrite at a concentration of 10 mmol/L were not significant. The recoveries after sodium hydrosulfite use were 82 and > 90%, respectively, but the drug was completely lost if the oxidizing agents were not reduced before extraction. Considerable oxidation by chromate was observed after 16 h of exposure (40% recovery). Nitrite destroyed the compound completely after 16 h of reaction. At 10 mmol/L, permanganate color in urine was apparent. At this concentration the THC-acid was completely lost after 16 h of exposure. Iodate showed no effect after 48 h of exposure (> 90% recovery). The stronger oxidizing periodate destroyed a major portion of the drug after 16 h (recovery 25%). The drug was completely lost after 48 h of exposure. Persulfate showed almost no effect after 5 min of exposure (recovery 85%), but it destroyed some THC-acid during extraction (recovery 60%). Oxone showed some immediate effect but the drug was completely lost in extraction. After 16 h of exposure, persulfate and oxone completely destroyed the drug. Hydrogen peroxide showed no effect, but in combination with ferrous ammonium sulfate (Fenton's reagent), it destroyed the drug almost immediately. The internal standard was also destroyed. The active ingredient of the oxidizing agents probably passed through the solid-phase column and oxidized the internal standard. Sodium oxychloride (bleach) at 10 mmol/L showed almost no effect. Because of easy availability, oxychloride was tested again at 50 mmol/L. The effect was almost immediate and after 48 h of exposure oxychloride destroyed all THC-acid. Some of the oxidizing agents with high reduction potential showed little or no effect on THC-acid (Table I , hydrogen peroxide, chlorate, perchlorate, and iodate). Possibly the activation energy was not sufficient to initiate the reaction. Horseradish peroxidase with hydrogen peroxide after 5 min of exposure showed on immediate effect on the recovery of THC-acid (Table II) . After 16 h, the drug was completely lost. Peroxidase is common in many species in mustard family (Cruciferae). Experiments were conducted with red radish (Raphanus sativus, Radicula group), horseradish (Armorachia rusticana), Japanese radish (Raphanus sativus, Daikon group), and black mustard seeds (Brassica nigra).
Because the skin contains more peroxidase than the skin-free materials, they were tested separately for red radish and horseradish. To get a comparative result, the juice extracted from 2.5 g of the material was added to the urine with 10 mmol/L of hydrogen peroxide. In all cases, after 16 h of exposure, the drug recoveries were less than 10%. With red radish and horseradish skins the drug was completely lost (LOD 1.0 mg/mL). Extract from red radish skin showed distinct red color in urine and is unlikely to be used as adulterating agent. Breakdown of THC-acid by the extracts of skinfree red radish, Japanese radish, and black mustard seeds stopped at 5-7 ng/mL, even when the peroxidase exposure continued for more than 16 h. Loss of enzyme activity may be the reason for the end of the reaction. Oxidation reactions were not continued for longer time when the drug recoveries were either 0% or more than 90%.
The effects of oxidizing agents reported herein were under certain preset conditions. It could change substantially if any one of the conditions (time, temperature, pH, and concentration) is changed. These results are significant in urine drug testing because the radishes, black mustard seeds, and hydrogen peroxide are available on the open market and could be used as adulterating agents to conceal THC-positive results.
Conclusions
Several oxidizing adulterants that are difficult to test showed considerable destructive effect on THC-acid in urine. Periodate, persulfate, oxone, oxychloride, hydrogen peroxide4errous ion, and peroxidase from several food sources in combination with hydrogen peroxide destroyed THC-acid > 94% in 48 h. In some cases oxidizing agents destroyed THC-acid in the extraction process.
